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Supplementary Discussion 

On generation times 
An average factor of 30 years per generation is used to convert generation times to historical 
periods in years. The figure of 30 years per generation has been found by many studies to hold in 
pre-industrial populations77,78 (for instance, Tremblay et al. give 32 years/generation from 19th 
century rural Quebec parish records79, Matsumura et al. give 29 years for 19th century census 
data on Greenland Eskimos80, Helgason gives 30 years from Icelander pedigree data from 1742 – 
present81, and Fenner gives 29 years for hunter-gatherers82). This figure reflects the generation 
time averaged across all children and across both male and female parents. It reflects the average 
age of a woman across all of her lifetime offspring until menopause. It also reflects the average 
age of a man across all of his lifetime offspring, who he may continue to father very late in life, 
particularly where increasing age contributes to greater resources, status, and number of partners. 
Indeed, average generation times have decreased with modernization, as such cultural practices 
have changed. Fenner finds the modern developed-nations sex-averaged generation time to be 
two years lower than the hunter-gather average82. 
 

Iterative ADMXTURE motivation 
The clusters found in an ADMIXTURE analysis do not necessarily correspond to ancestral 
populations; for example, a cluster specific to a sampled population may be found when that 
population is bottlenecked56 or, equivalently, oversampled relative to other populations. Such 
sampling-scheme-specific clusters can be an interpretive nuisance, especially in cases where the 
heavily-sampled population is itself an admixture between multiple ancestral populations of 
interest. The Rapanui specific clusters seen in the unsupervised ADMIXTURE analyses of 
Supplementary Figure 1-2 subsume not only Polynesian ancestry on the island of Rapa Nui, but 
also some Native American ancestry. This is a problem that has been well analyzed before56,57. 
The reason that a single cluster is found in this case is that the Rapanui population is quite 
bottlenecked, having passed through both its ancestral founding bottleneck and a 19th century 
bottleneck of only a few hundred individuals due to the depredations of Peruvian slavers and the 
introduction of several diseases30. This means that the precolonial components on the island—
both the prehistoric Native American component and the Polynesian component—are shared 
very uniformly across its modern inhabitants. Thus, when this population is overrepresented in 
the unsupervised clustering analysis (through the inclusion of nearly as many Rapa Nui samples, 
166, as all of the remaining Pacific islands combined, 188), a Rapa Nui-specific cluster is found 
to be a good fit to the data, minimizing the model’s residuals for these individuals. The fact that 
this apparent Rapa Nui cluster subsumes both the Polynesian and prehistoric Native American 
components may have contributed to the inability of Fehren-Schmitz et. al to identify the Native 
American component on this island, since those authors had only two admixed Polynesian 
individuals as references outside of their Rapanui references11. We address these issues with our 
Iterative ADMIXTURE approach and ancestry-specific PCA and MDS as described in Methods. 
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Supplementary Tables 

 
Population # Individuals Array Population # Individuals Array 

Atayal (Taiwan) 10 Axiom LAT-1 Paiwan (Taiwan) 12 Axiom LAT-1 

Atiu (Cook Islands) 10 Axiom LAT-1 Palliser (Mataiva) 10 Axiom LAT-1 

Aymara (Arica, Chile)** 16 Axiom LAT-1 Pehuenche‡ 12 Axiom LAT-1 

Aymara (Puno, Peru) 61 Illumina MEGA† and 
Axiom LAT-1 

Raivavae 9 Axiom LAT-1 

Chilote‡ 30 Axiom LAT-1 Rapa Iti 16 Axiom LAT-1 

Colombia* 96 Illumina 610-Quad Rapa Nui (1994) 86 Axiom LAT-1 

Ecuador* 20 Illumina 610-Quad Rapa Nui (2013) 80 Axiom LAT-1 

Huilliche‡ 20 Axiom LAT-1 Rarotonga (Cook 
Islands) 

3 Axiom LAT-1 

Kaweskar‡ 4 Axiom LAT-1 Rimatara 10 Axiom LAT-1 

Magdalena de Cao 19 Illumina MEGA South Marquesas 15 Axiom LAT-1 

Mangareva (Gambier) 11 Axiom LAT-1 Tahiti 13 Axiom LAT-1 

Mapuche** 32 Axiom LAT-1 Tubuai 18 Axiom LAT-1 

Mauke (Cook Islands) 10 Axiom LAT-1 Vanuatu 16 Axiom LAT-1 

Mixe† 28 Illumina MEGA Yamana‡ 14 Axiom LAT-1 

Mixtec† 16 Illumina MEGA Zapotec† 57 Illumina MEGA 

North Marquesas 25 Axiom LAT-1 Zenu† 19 Illumina MEGA 
 

*Bryc, K. et al. Genome-wide patterns of population structure and admixture among Hispanic/Latino populations. Proc. Natl. Acad. Sci. U.S.A. 
107, 8954–8961 (2010). 
**Verdugo, R. A. Chilegenomico. Available at: www.chilegenomico.cl 
†Wojcik, G. L., et al. Genetic analyses of diverse populations improves discovery for complex traits. Nature, 570(7762), 514–518 (2019). 
‡la Fuente, de, C. et al. Genomic insights into the origin and diversification of late maritime hunter-gatherers from the Chilean Patagonia. Proc. 
Natl. Acad. Sci. U.S.A. 115, 201715688–E4012 (2018). 
 

Supplementary Table 1. Genotyping array and number of samples for each indigenous 
population included in this study 
The 799 genotyped samples from indigenous populations that are included in this study along 
with the genotyping arrays used. Populations marked with footnotes have been previously 
published as indicated. For indicated analyses the samples from Rapa Nui were subdivided into a 
population with no European ancestry (6) and a population with high European ancestry (10). 
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Supplementary Table 2. Sampling date for each Polynesian population included in this 
study 
 
 
 
 
  

Island Sampling Date 

Atiu (Cook Islands) 1986 

Mangareva (Gambier) 1988 - 1990 

Mauke (Cook Islands) 1986 

North Marquesas 1988 - 1990 

Palliser (Mataiva) 1988 - 1990 

Raivavae 1988 - 1990 

Rapa Iti 1988 - 1990 

Rapa Nui 1994 & 2013 

Rarotonga (Cook Islands) 1986 

Rimatara 1988 - 1990 

South Marquesas 1988 - 1990 

Tahiti 1988 - 1990 

Tubuai 1988 - 1990 
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Population # Individuals Array  or Whole Genome 

Sequence 
Americans of European 

Descent (CEU)* 
60 Sequence 

China (CHB)* 30 Sequence 
Colombia (COL)* 30 Sequence 

England† 77 Affymetrix GeneChip 500K 
France† 89 Affymetrix GeneChip 500K 
Ireland† 60 Affymetrix GeneChip 500K 

Italy† 20 Affymetrix GeneChip 500K 
Japan* 30 Sequence 

Papua New Guinea‡ 8 Sequence 

Peru (PEL)* 37 Sequence 

Spain† 106 Affymetrix GeneChip 500K 
Spain (IBS)* 30 Sequence 

United Kingdom (GBR)* 30 Sequence 
Vietnam (KHV)* 30 Sequence 

Yoruba (YRI)* 60 Sequence 
 

*(1000 Genomes) 1000 Genomes Project Consortium. A global reference for human genetic variation. Nature 526.7571 (2015): 68-74. 
†(POPRES) Nelson, Matthew R., et al. The Population Reference Sample, POPRES: a resource for population, disease, and pharmacological 
genetics research. The American Journal of Human Genetics 83.3 (2008): 347-358. 
‡(HGDP) Bergström, Anders, et al. Insights into human genetic variation and population history from 929 diverse genomes. Science 367.6484 
(2020). 
 

Supplementary Table 3. Number of individuals for each reference population used in this 
study. 
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Sample Population 

Saki1 Saki Tzul22 

LaGalgada La Galgada22 

BigBar BigBar23 
PtaStaAna PtaStaAna23 
Ayayema Ayayema23 

Aconcagua Aconcagua23 
SpCave SpCave23 

Lovelock1 Lovelock23 
Lovelock2 Lovelock23 
Lovelock3 LovelockYng23 

Lovelock4 Lovelock23 

Sumidouro4 LagoaSta23 
Sumidouro5 LagoaSta23 
Sumidouro6 LagoaSta23 
Sumidouro7 LagoaSta23 

Sumidouro8 LagoaSta23 
USR1 USR123 

Anzick1 Anzick183 

IL2 RioUncallane84 

IL3 RioUncallane84 

IL4 RioUncallane84 

IL5 RioUncallane84 

IL7 RioUncallane84 

939 93985 

Taino Taino86 

IPK12 AncKaweskar19 

IPK13 AncKaweskar19 

IPY10 AncYamana219 

IPY08 AncYamana219 

Supplementary Table 4. Source of ancient genomes from the Americas that were compared 
to Polynesians. 
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Island African European Melanesian† Native American Polynesian 
Atiu 0.00% 2.29% 0.35% 0.03% 97.33% 

*Mangareva 0.00% 10.27% 0.09% 1.00% 88.73% 

Mauke 0.00% 0.44% 0.01% 0.07% 99.50% 

*North 
Marquesas 1.00% 9.71% 0.48% 4.40% 84.33% 

*Palliser 
(Mataiva) 0.00% 5.20% 0.35% 1.21% 93.20% 

Raivavae 0.00% 0.00% 0.00% 0.00% 100.00% 

Rapa Iti 0.00% 5.81% 0.76% 0.29% 93.06% 

*Rapa Nui 1994 0.06% 16.60% 0.14% 10.09% 73.10% 

*Rapa Nui 2013 0.26% 33.01% 0.21% 18.13% 48.35% 

Rarotonga 1.60% 8.33% 0.40% 0.00% 89.67% 

Rimatara 0.00% 4.00% 0.00% 0.01% 96.00% 

*South 
Marquesas 2.25% 13.20% 0.79% 3.86% 79.87% 

Tahiti 0.00% 10.62% 3.19% 0.49% 85.77% 

Tubuai 0.03% 13.72% 0.12% 0.01% 86.17% 

Supplementary Table 5. Ancestry proportions from ADMIXTURE 
Average ancestry proportions for each eastern Polynesian island in the dataset as determined by 
global ancestry clustering using an unsupervised (iterative) ADMIXTURE analysis with the 
optimal K = 5 (Supplementary Figure 3-4). The global comparison populations that were found 
to have higher than a 95% proportion for a given cluster are named along the top row. The 
Native American proportion (and European proportion) in the more recent Rapa Nui sampling 
(2013) is observed to be larger than in the one generation prior sampling (1994). Islands with at 
least 1% Native American ancestry are indicated (*) in italics. Note that the Melanesian (†) 
cluster is anchored by present-day samples from Vanuatu (Fig. 1). This is an early modern 
Oceanian component, as that is the period of our study, and is not equivalent to the ancient 
Papuan ancestry component discussed in studies of ancient near Oceania,87 similarly the 
European component above is anchored by present-day samples from Europe and is not 
equivalent to the ancient Yamnaya component described in Haak et. al88. A similar caveat holds 
for the Polynesian component above, versus the ancient Austronesian component87 that 
contributed to it. 
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Island African European Native American Polynesian 

Atiu 0.00% 4.43% 0.31% 95.27% 

*Mangareva 0.05% 12.84% 2.13% 84.99% 

Mauke 0.21% 0.83% 0.31% 98.65% 

*North 
Marquesas 0.78% 12.91% 4.38% 81.94% 

*Palliser 
(Mataiva) 0.27% 8.34% 1.82% 89.57% 

Raivavae 0.00% 2.49% 0.71% 96.79% 

Rapa Iti 0.01% 6.68% 0.38% 92.93% 

*Rapa Nui 1994 0.23% 20.40% 9.99% 69.36% 

*Rapa Nui 2013 0.60% 33.41% 17.15% 48.84% 

Rarotonga 2.03% 9.83% 0.37% 87.80% 

Rimatara 0.02% 8.68% 0.55% 90.73% 

*South 
Marquesas 2.12% 17.01% 3.11% 77.78% 

*Tahiti 0.20% 12.80% 1.27% 85.73% 

Tubuai 0.34% 10.88% 0.64% 88.13% 

 

Supplementary Table 6. Ancestry proportions from RFMix 
Average ancestry proportions for each eastern Polynesian island in the dataset as determined by 
local ancestry inference using RFMix with K = 4. Islands with at least 1% Native American 
ancestry are indicated (*) and in italics. 
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South Nat. 
American 

European Polynesian Central Nat. 
American 

South Nat. 
American 

0 16.4734 22.506 16.2738 

European 16.4734 0 22.8476 16.293 

Polynesian 22.506 22.8476 0 4.8474 

Central Nat. 
American 

16.2738 16.2933 4.8474 0 

 

Supplementary Table 7. Variance of ancestry proportion log-ratios in Rapanui individuals. 
Variances of log-ratios of each possible pair of ancestry proportions across Rapanui individuals 
give an indication of whether those ancestries are inherited independently27. Individual ancestry 
proportions were determined by an ADMIXTURE analysis (Figure 1b). The ratio of central 
Native American ancestry fraction to Polynesian ancestry fraction shows the smallest variance, 
indicating that the central Native American ancestry is associated with the Polynesian ancestry 
(see also Supplementary Figure 12), and not the European. This suggests that the central Native 
American ancestry introgressed first into the Polynesian ancestry, independent of later European 
colonial admixture into Polynesia. The next smallest variance is of the south Native American 
ancestry fraction with the European ancestry fraction, reflecting the association between those 
two ancestries on Rapa Nui stemming from immigration of admixed Chileans of European and 
south Native American ancestry to the island. Because Native American – European admixture 
in the Americas (in this case in Chile) occurred much later than central Native American – 
Polynesian admixture, the variance is higher for the log-ratio of the European – south Native 
American fraction than for the log-ratio of the Polynesian – central Native American fraction. 
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 South Nat. 
American European Polynesian Central Nat. 

American 

South Nat. 
American 1 0.01727 0.008703 0.0177 

European 0.01727 1 0.008397 0.01766 

Polynesian 0.008703 0.008397 1 0.1106 

Central Nat. 
American 0.0177 0.01766 0.1106 1 

 

Supplementary Table 8. Compositional correlations of ancestry proportion log-ratios in 
Rapanui individuals. 
The compositional correlations (see Online Methods) for each possible pair of ancestry 
proportions in the 166 Rapanui individuals. Individual ancestry proportions were determined by 
an ADMIXTURE analysis (Figure 1b). See also Supplementary Figure 7 for interpretation. 
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Polynesian European Central Nat. 
American 

Polynesian 0 23.047 1.508 

European 23.047 0 22.573 

Central Nat. 
American 

1.508 22.573 0 

 
 

Supplementary Table 9. Variance of ancestry proportion log-ratios in Rapanui without 
southern Native American ancestry. 
Variances of log-ratios of each possible pair of ancestry proportions in Rapanui individuals who 
lack southern Native American ancestry for comparison with Supplementary Data Table 7. 
Individual ancestry proportions were determined by an ADMIXTURE analysis (Figure 1b). The 
ratio of the central Native American ancestry fraction to the Polynesian ancestry fraction shows 
the smallest variance (see also Supplementary Data Table 10), indicating that the central Native 
American ancestry is associated with the Polynesian ancestry (see also Figure 3b), and not the 
European ancestry. This suggests that the central Native American ancestry introgressed first 
into the Polynesian ancestry, independent of later European colonial admixture into Polynesia. 
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Polynesian European Central Nat. 
American 

Polynesian 1 0.00822 0.293 

European 0.00822 1 0.00864 

Central Nat. 
American 

0.293 0.00864 1 

 

Supplementary Table 10. Compositional correlations of ancestry proportion log-ratios in 
Rapanui individuals without southern Native American ancestry 
The compositional correlations (see Online Methods) for each possible pair of ancestry 
proportions in the 44 Rapanui individuals who lack southern Native American ancestry. 
Individual ancestry proportions were determined by an ADMIXTURE analysis (Figure 1b). See 
also Figure 3b and Supplementary Data Table 9. The association of central Native American 
ancestry fraction with Polynesian ancestry fraction, and not European ancestry fraction, suggests 
that the central Native American ancestry introgressed first into the Polynesian ancestry, 
independent of later European colonial admixture into Polynesia. 
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Atiu Mangareva Mauke North 
Marquesas 

Palliser 
(Mataiva) 

Raivavae Rapa Iti Rapa Nui Rarotonga Rimatara South 
Marquesas 

Tahiti Tubuai 

Atiu  0 0 0 0 0 0 0 0 0 0 0 0 

Mangareva 0 
 

0 0 0 0 0 0.0318 0 0 0 0 0 

Mauke 0   0 0 0 0   0 0 0 0 

North 
Marquesas 

0 0 0 
 

0.0958 0 0 0.00301 0 0 0.00833 0 0 

Palliser 
(Mataiva) 

0 0 0 0.0958  0 0 0 0 0 0 0.0154 0.0222 

Raivavae 0 0 0 0 0  0 0 0 0 0 0 0 

Rapa Iti 0 0 0 0 0 0 
 

0 0 0 0 0 0 

Rapa Nui 0 0.0318 0 0.00301 0 0 0 
 

0 0 0 0 0 

Rarotonga 0 0 0 0 0 0 0 0  0 0 0 0 

Rimatara 0 0 0 0 0 0 0 0 0 
 

0 0.0538 0.0667 

South 
Marquesas 

0 0 0 0.00833 0 0 0 0 0 0 
 

0 0 

Tahiti 0 0 0 0 0.0154 0 0 0 0 0.0538 0 
 

0.0128 

Tubuai 0 0 0 0 0.0222 0 0 0 0 0.0667 0 0.0128 
 

 

Supplementary Table 11. European ancestry-specific IBD network probabilities 
The probability that two individuals, one selected at random from each island, share an IBD 
segment of at least 7 cM in their European genomic segments. The number of samples used from 
each island group is given in Supplementary Data Table 1. 
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Atiu Mangareva Mauke North 

Marquesas 
Palliser 
(Mataiva) 

Raivavae Rapa Iti Rapa Nui Rarotonga Rimatara South 
Marquesas 

Tahiti Tubuai 

Atiu 
 

0 0 0 0 0 0 0 0 0 0 0 0 

Mangareva 0 
 

0 0 0.0182 0 0.0114 0.0515 0 0 0.0121 0.021 0 

Mauke 0 0 
 

0 0 0 0 0 0 0 0 0 0 

North 
Marquesas 

0 0 0 
 

0.0542 0 0.00521 0.0502 0 0 0.0306 0.019
2 

0.00463 

Palliser 
(Mataiva) 

0 0.0182 0 0.0542 
 

0 0.0125 0.0355 0 0 0.0533 0 0.0111 

Raivavae 0 0 0 0 0 
 

0 0 0 0 0 0 0 

Rapa Iti 0 0.0114 0 0.00521 0.0125 0 
 

0.0109 0 0 0 0 0 

Rapa Nui 0 0.0515 0 0.0502 0.0355 0 0.0109 
 

0 0 0.0414 0.020
4 

0.00335 

Rarotonga 0 0 0 0 0 0 0 0 
 

0 0 0 0 

Rimatara 0 0 0 0 0 0 0 0 0 
 

0 0 0 

South 
Marquesas 

0 0.0121 0 0.0306 0.0533 0 0 0.0414 0 0 
 

0 0.00741 

Tahiti 0 0.021 0 0.0192 0 0 0 0.0204 0 0 0 
 

0.00855 

Tubuai 0 0 0 0.00463 0.0111 0 0 0.00335 0 0 0.00741 0.008
55 

 

 

Supplementary Table 12. Native American ancestry-specific IBD network probabilities 
The probability that two individuals, one selected at random from each island, share an IBD 
segment of at least 7 cM in their Native American genomic segments. The number of samples 
from each island group is given in Supplementary Data Table 1. 
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Population Location European Last Polynesian Last Nat. American Last 

North Marquesas -174.9280927 -386.4661933 -391.5077327 
South Marquesas -181.187967 -317.1913373 -320.3384519 
Palliser (Mataiva) -144.2670348 -190.9747836 -240.6134258 

Mangareva -102.4136429 -111.421556 -110.5398137 
Rapa Nui (No 

European Ancestry) 
-108.6628571 - - 

Rapa Nui (High 
European Ancestry) 

-270.4414272 -188.0245765 -271.5941058 

Supplementary Table 13. Log likelihoods for Tracts models shown in Figure 6. 
Log likelihoods for the tested Tracts models on each island (rows) with either the European, 
Polynesian, or Native American ancestries being the last to enter (cols). The best model 
likelihood for each island population is shown in bold, corresponding to the models plotted in 
Figure 6 a – f. The sample sizes for each island group are given in Supplementary Data Table 1. 
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# of 

Pulses 
Proxy 

1 
Proxy 

2 Amplitude 0 Time 0 Amplitude 1 Time 1 Amplitude 2 Time 2 

1 Peru Spain 
7.24468e-05 +/- 

4.65532e-06 
(Z=15.5622) 

15.4987 +/- 
1.4535 

(Z=10.6631) 
    

1 Peru Taiwan 
9.03666e-05 +/- 

5.72291e-06 
(Z=15.7903) 

15.4987 +/- 
1.4535 

(Z=10.6631) 
    

2 Peru Spain 
7.96225e-05 +/- 

4.09419e-06 
(Z=19.4477) 

30.0444 +/- 
3.3539 

(Z=8.95804) 
1.57131e-05 +/- 

4.66734e-06 
(Z=3.3666) 

5.07206 +/- 
1.29407 

(Z=3.91947) 
  

2 Peru Taiwan 
9.48255e-05 +/- 

5.42983e-06 
(Z=17.4638) 

30.0444 +/- 
3.3539 

(Z=8.95804) 
2.11366e-05 +/- 

6.01124e-06 
(Z=3.51618) 

5.07206 +/- 
1.29407 

(Z=3.91947) 
  

3 Peru Spain 
7.80941e-05 +/- 

4.10088e-06 
(Z=19.0433) 

30.4481 +/- 
3.4483 

(Z=8.82987) 
0 +/- 2.66888e-

07 (Z=0) 
3.6073e-12 +/- 
1.34245e-11 
(Z=0.26871) 

1.70521e-05 +/- 
4.58452e-06 
(Z=3.71951) 

5.49158 +/- 
1.36939 

(Z=4.01024) 

3 Peru Taiwan 
9.47923e-05 +/- 

2.81828e-06 
(Z=33.6349) 

30.4481 +/- 
3.4483 

(Z=8.82987) 
5.82869e-07 +/- 

9.30538e-07 
(Z=0.626379) 

3.6073e-12 +/- 
1.34245e-11 
(Z=0.26871) 

2.12506e-05 +/- 
4.48523e-06 
(Z=4.7379) 

5.49158 +/- 
1.36939 

(Z=4.01024) 

 

Supplementary Table 14. Multiple ALDER (MALDER) model. 
MALDER analysis of linkage disequilibrium decay in the 73 Rapanui (1994) individuals lacking 
African ancestry. Individuals (30) from Peru of only Native American descent, as indicated by 
ADMIXTURE, are used as references for the Native American component. Individuals (22) of 
indigenous Taiwanese descent (Atayal and Paiwan) are used as references for the unadmixed 
Austronesian (Polynesian) component. Individuals (30) of Spanish descent from 1000 Genomes 
are used as references for European descent. See Supplementary Data Tables 1-2. The 
discretized weighted LD was fit to exponential curves plus an affine term using least-squares to 
give the amplitudes and times, the standard errors were found by a jack-knife across the 
chromosomes and used for two-tailed Z-test values. An initial admixture event between Native 
Americans and Austronesians is found to have the highest amplitude. Several significant pulses 
of Austronesian-Native American admixture are found. The first pulse is dated to 30.4 +/- 3.4 
generations, corresponding to 1082 CE (980 CE – 1184 CE) using a generation time of 30 years. 
A second pulse is dated to the present, corresponding to ongoing immigration of Native 
American descent individuals from modern Chile. A final pulse of 5.5 +/- 1.4 generations ago, or 
1829 CE (1787 CE – 1871 CE), corresponds to the colonial period on Rapa Nui. When modeled 
with only two pulses the Native American introgression dates onto the island are 30 +/- 3.35 
generations, or 1094 CE (994 CE – 1195 CE), and 5.1 +/- 1.3 generations, or 1841 CE (1802 CE 
– 1880 CE). 
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Supplementary Figures 

 
Supplementary Figure 1. Unsupervised ADMIXTURE results with K = 2-7 clusters. 
ADMIXTURE was run on the intersection of Affymetrix (Axiom Lat-1) and Illumina (MEGA) 
SNPs (134,281 SNP overlap) from 489 samples. The populations are listed at bottom, and the 
numbers of samples from each are given in the Methods. Each column represents an individual 
with the length of each color bar representing the fraction of an ancestry cluster in the individual. 
The clustering is unsupervised, so the interpretation of each colored cluster must be inferred. Due 
to the large number of samples from the small island of Rapa Nui, a unique Rapanui component 
emerges at K = 6 (purple); the possibility that this component could subsume some of the 
islands’ Native American ancestry, in addition to Polynesian, motivates our Iterative 
ADMIXTURE approach (Fig. 1). The other components at K = 7 are from left to right: African 
(mauve), European (red), Native American (green), Melanesian (dark blue), East Asian (olive), 
Polynesian (sky blue). Looking at K = 7 a Native American signature can be discerned in the five 
island populations at right: Rapa Nui, Mangareva, South Marquesas, North Marquesas, and 
Palliser. East Asian ancestry can be seen in the Marquesas, likely due to the documented 19th 
century immigration of Hakka laborers to that island group from south China89.  
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Supplementary Figure 2. Unsupervised ADMIXTURE results with K = 8-10 clusters. 
Additional unsupervised ADMIXTURE cluster plots (K = 8 – 10) for the 489 samples on the 
intersection of Affymetrix (Axiom Lat-1) and Illumina (MEGA) data (134,281 SNP overlap). 
The ADMIXTURE plots through the best fitting K = 7 (see Supplementary Figure 3) were 
plotted in Supplementary Figure 2. The populations are listed at bottom, and the numbers of 
samples from each listed population are given in Supplementary Data Tables 1-2. Each column 
represents an individual with the length of each color bar representing the fraction of an ancestry 
cluster in each individual. The clustering is unsupervised, so the interpretation of each colored 
cluster must be inferred. Due to the large number of samples from the population of Easter 
Island, the Rapanui, components characterizing the substructure of relatedness on this small 
island emerge at K = 8 (pink) and then again at K = 10 (pink and black). An earlier cluster 
(purple) also anchored by the overrepresented Rapanui emerged at K = 6 (Supplementary Figure 
1). Such clusters are not particularly informative for determining the external origin of ancestries 
in the Rapanui and motivate our use of Iterative ADMIXTURE (Figure 1). Two Native 
American specific components also emerge. One (yellow) characterizes the southern Native 
American Mapuche population and another (orange) characterizes the Zenu group of Colombia. 
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Supplementary Figure 3. Cross-validation for ADMIXTURE analyses of Supplementary 
Figures 1-2. 
An elbow55.7 in the cross-validation error curve is seen at K = 7 clusters, indicating that this 
number of clusters provides a good model for fitting the data.  
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Supplementary Figure 4. Dendrogram for K = 7 ADMIXTURE analysis of Supplementary 
Figure 1. 
Average linkage dendrogram constructed from average number of pairwise differences90 
between the seven clusters of the ADMXITURE analysis (K = 7) in Supplementary Figure 1 
(reproduced above). The height of each split denotes the average number of pairwise differences 
between the joined clusters. 
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Supplementary Figure 5. Unsupervised ADMIXTURE results with K = 2-7 clusters used 
for Iterative ADMIXTURE 
The populations are listed at bottom. There are 134,281 SNP markers, as in Supplementary 
Figure 1, and the numbers of samples from each listed populations are: 20 Yoruba, 10 Spain, 10 
United Kingdom (UK), 20 Aymara, 10 Mixe, 10 Zapotec, 19 Zenu, 19 Magdalena, 20 Mapuche, 
19 Polynesian, 16 Vanuatu. Each column represents an individual with the length of each color 
bar representing the fraction of an ancestry cluster in each individual. The clustering is 
unsupervised, so the interpretation of each colored cluster must be inferred. The clusters are from 
left: Africa (purple), Europe (red), central Native American (green), Zenu (orange), southern 
Native American (yellow), Polynesian (sky blue), and Melanesian (dark blue).  
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Supplementary Figure 6. Cross-validation for ADMIXTURE analysis in Supplementary 
Figure 5.  
An elbow55.7 in the cross-validation error curve is seen at K = 5 clusters. Using K= 6 clusters 
provides a similarly low cross-validation error and has the interpretative advantage of 
differentiating the southern Native American component (Chilean Mapuche) from the central 
Native American component (see Supplementary Figure 5). 
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Supplementary Figure 7. Dendrogram for K = 6 ADMIXTURE analysis of Supplementary 
Figure 5. 
Average linkage dendrogram constructed from average number of pairwise differences90 
between the six clusters of the ADMXITURE analysis (K = 6) in Supplementary Figure 5 
(reproduced above). Height of each split denotes the average number of pairwise differences 
between the joined clusters. 

  

A
fri

ca
n 

(p
ur

pl
e)

E
ur

op
ea

n 
(r

ed
)

C
en

tra
l N

at
iv

e 
A

m
er

ic
an

 (g
re

en
)

S
ou

th
er

n 
N

at
iv

e 
A

m
er

ic
an

 (y
el

lo
w

)

M
el

an
es

ia
n 

(d
ar

k 
bl

ue
)

P
ol

yn
es

ia
n 

(s
ky

 b
lu

e)

0.
20

0.
22

0.
24

0.
26

0.
28

Average linkage dendrogram of clusters

A
ve

ra
ge

 N
um

be
r o

f P
ai

rw
is

e 
D

iff
er

en
ce

s

K
=6

 
 



 
 

26 
 

 

Supplementary Figure 8. Chromopainter based Badmixture analysis for K = 6 
ADMIXTURE of Supplementary Figure 5 and 7. 
A comparison of haplotype-sharing clusters between samples found using Chromopainter against 
the marker-frequency clusters found using ADMIXTURE via the method Badmixture 56. At top 
is the K = 6 ADMIXTURE clustering of Figs 4 and 6 used as the basis for the Iterative 
ADMIXTURE analysis in Fig. 1. At bottom a heatmap grid shows how the empirical haplotype-
sharing in these samples differs from their ADMIXTURE clustering; cool shades indicate more 
haplotype-sharing than expected and warm indicate less. Cool shades (more haplotype-sharing) 
are found along the diagonal for the Native American groups that were clustered in common (the 
green, central Native American ancestry cluster). This is because these groups are each isolated 
indigenous populations with recent haplotype sharing, due to relatedness, above that expected 
when considering them all a single ancestry cluster. The Zenu, a particularly isolated population, 
show strong, positive internal haplotype sharing deviations and strong, negative deviations from 
other co-clustered (green) Native American groups, particularly the Aymara. This presages the 
formation by the Zenu of a private ADMIXTURE cluster at the next higher K (cf. K = 7 
Supplementary Figure 4). Importantly, off diagonal residuals between groups from different 
continental ancestry clusters (eg. European samples and Native American samples) are not 
prominent, indicating that those clusters are (from a haplotype sharing perspective) well 
separated.  
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Supplementary Figure 9. Principal component analysis (PCA) of Pacific island samples. 
All Pacific island samples are plotted in a principal component analysis of 689,899 SNP markers 
together with continental reference populations (labeled with maps, see also Supplementary Data 
Tables 1,3): Africa (60 Yoruba), Europe (30 UK, 30 Spain), East Asia (20 Taiwan), Native 
American (60 Puno), Melanesia (16 Vanuatu), Polynesia (150, all islands in Supplementary Data 
Table 2, excepting Vanuatu and Rapa Nui) and Rapa Nui (166, both 1994 and 2013). The Pacific 
island samples stretch toward a point between the Native American references and the European 
references, indicating that admixture from both of these ancestries is present in the Pacific 
islanders. 
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Supplementary Figure 10. F4-statistic test for admixture showing Native American 
introgression in Polynesia.  
Target Polynesian individuals (the ten individuals having no European or African ancestry 
according to an ADMIXTURE analysis, Fig. 1) were chosen from the eastern islands previously 
found to have Native American introgression. To further test whether Native American ancestry 
exists in these samples, they were compared to the ten individuals from Mauke, a Polynesian 
island previously found to lack both European and Native American admixture. F4-statistics 
(points) and standard errors of them (bars) were computed between these two populations and 
various outgroups (X and Y), which are listed on the upper horizontal axis (see Supplementary 
Data Table 3 for reference sample sizes). If both outgroups contributed no admixture to either 
Polynesian population (Mauke or the target Polynesians), the F4-statistic will be zero, while if an 
outgroup contributed admixture to either of the two Polynesian populations, all F4-statistics 
involving that outgroup will be nonzero. F4-statistics involving Native Americans (the Aymara 
reference, top left) are all nonzero and significant, whereas F4-statistics involving only other 
outgroup population pairs (Europe, Africa, China, and Vietnam, top right) do not differ 
significantly from zero. (We followed the literature requiring |Z|>3.3, corresponding to a p-
value<0.001, for rejecting a given null hypothesis23. This p-value for our two-tailed z-test is 
chosen to be conservative, since it does not include a multiple test correction.) This result 
confirms that neither the target eastern Polynesian individuals, nor the Mauke individuals, have 
European admixture (or East Asian admixture), and that there is Native American ancestry in 
either the Mauke or the target Polynesians. (Our ADMIXTURE and RFMix analyses confirm 
that this Native American admixture exists in the eastern Polynesian individuals, not Mauke.)  
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Supplementary Figure 11. D-statistic test for admixture, showing Native American 
introgression in Polynesia.  
Target Polynesian individuals (having no European or African ancestry according to an 
ADMIXTURE analysis) were chosen from the eastern islands previously found to have Native 
American introgression: Mangareva (3), North Marquesas (1), Rapa Nui 2013 sampling (1), and 
Rapa Nui 1994 sampling (5). To further test whether these individuals carry Native American 
ancestry, we compared them to the ten individuals from Mauke, a Polynesian island previously 
found to lack both European and Native American admixture. We computed D-statistics of the 
form D(Mauke, Target Polynesian; H3, Yoruba). In this case, H3 is one of a set of 22 tested 
reference populations and individuals (including the pre-contact ancient Native American 
genomes), as shown on the y-axis. Reference sample sizes are indicated in Supplementary Data 
Table 1,3, and 4. We expect that Native American admixture in the Target Polynesians will 
result in significantly negative values of D, when H3 is Native American. A schematic 
representation of the null hypothesis (D=0) and the two possible outcomes of the alternative 
hypothesis (D<0 and D>0) for a two-tailed Z-test are shown at the top of each panel. Points 
represent estimated D-statistics, and nested error bars (estimated through a weighted block-
jackknife procedure over 5-Mb blocks) represent one and 3.3 standard errors (corresponding to a 
p-value of 0.001 without multiple test correction). In agreement with previous results, we 
observe statistically significant deviations from D=0 (|Z|>3.3) when H3 is Native American but 
not when H3 is Eurasian. These results suggest that the test Polynesian individuals share 
significantly more alleles with Native Americans than Mauke islanders do. Moreover, such 
excess sharing appears to be independent of potential European-mediated admixture in modern 
Native Americans, since it holds when pre-contact ancient Native American individuals are used 
for H3. The sharing is stronger with ancient Native American samples from South and Central 
America (and the Caribbean) than those from North America. The sharing is not related to the 
Papuan ancient component in Oceania, as the Papuans (PNG) and modern Vanuatu samples do 
not exhibit this signal of sharing with the target Polynesians. 

  

●

Index Yo
ru

ba

M
au

ke

M
an

ga
re

va
N

Ad H
3

D < 0

Yo
ru

baH
3

M
au

ke

M
an

ga
re

va
N

Ad

D = 0

Yo
ru

ba

M
an

ga
re

va
N

Ad

M
au

ke H
3

D > 0

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

PtaStaAna

Ayayema

939

Aconcagua

RioUncallane

Lovelock

AncYamana2

Taino

AncKaweskar

LagoaSta

Anzick1

LovelockYng

USR1

SpCave

Tahiti

UK

Spain

BigBar

China

Vietnam

PNG

Vanuatu

−0
.02

−0
.01 0.0

0
0.0

1

D(Mauke, MangarevaNAd; H3, Yoruba)

H
3

●

Index

Yo
ru

ba

M
au

ke

N
_M

ar
qN

Ad H
3

D < 0

Yo
ru

baH
3

M
au

ke

N
_M

ar
qN

Ad

D = 0

Yo
ru

ba

N
_M

ar
qN

Ad

M
au

ke H
3

D > 0

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

PtaStaAna

SpCave

RioUncallane

Aconcagua

AncYamana2

Taino

Ayayema

LagoaSta

Anzick1

AncKaweskar

LovelockYng

Lovelock

BigBar

939

N_Marq

USR1

Tahiti

China

Vietnam

UK

Spain

PNG

Vanuatu

−0
.02

5
0.0

00

D(Mauke, N_MarqNAd; H3, Yoruba)

H
3

●

Index

Yo
ru

ba

M
au

ke

R
ap

an
ui

_1
3N

Ad H
3

D < 0

Yo
ru

baH
3

M
au

ke

R
ap

an
ui

_1
3N

Ad

D = 0

Yo
ru

ba

R
ap

an
ui

_1
3N

Ad

M
au

ke H
3

D > 0

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Aconcagua

SpCave

Ayayema

Anzick1

RioUncallane

LagoaSta

AncYamana2

Taino

Lovelock

PtaStaAna

AncKaweskar

LovelockYng

BigBar

939

USR1

Spain

UK

China

Tahiti

Vietnam

Vanuatu

PNG

−0
.04

−0
.02 0.0

0
0.0

2

D(Mauke, Rapanui_13NAd; H3, Yoruba)

H
3

●

Index

Yo
ru

ba

M
au

ke

R
ap

an
ui

_9
4N

Ad H
3

D < 0

Yo
ru

baH
3

M
au

ke

R
ap

an
ui

_9
4N

Ad

D = 0

Yo
ru

ba

R
ap

an
ui

_9
4N

Ad

M
au

ke H
3

D > 0

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Aconcagua

PtaStaAna

Ayayema

RioUncallane

SpCave

LagoaSta

AncYamana2

Taino

Lovelock

Anzick1

AncKaweskar

LovelockYng

939

BigBar

USR1

UK

Spain

China

Vietnam

Tahiti

PNG

Vanuatu

−0
.04

−0
.02 0.0

0
0.0

2

D(Mauke, Rapanui_94NAd; H3, Yoruba)

H
3



 
 

30 
 

 

 

Supplementary Figure 12. Compositional plot for ADMIXTURE ancestry proportions 
found in Rapa Nui.  
Ancestry proportions from the ADMIXTURE analysis depicted in Figure 1 are plotted for the 
Rapa Nui samples. Each individual is represented by a point (green) at the location within the 
tetrahedron (lower right) corresponding to the ancestry fractions in that individual. Individuals 
with complete ancestry from any of the four sources would lie at the corresponding labeled 
vertex. Higher southern Native American ancestry individuals (top vertex) are seen to be 
associated with higher European component (right vertex). This is likely due to recent, 
differential introgression of an admixed (Spanish-southern Native American) Chilean component 
into islanders. Meanwhile, higher central Native American ancestry (back vertex) is associated 
with higher Polynesian ancestry (left vertex), rather than European; this can be more clearly seen 
in the ternary plot (Fig. 2b and reproduced in inset top left), which depicts only points lying on 
the base of the tetrahedron (samples with no recent southern Native American component). 
Samples in the inset have a clear association between their central Native American and 
Polynesian components (dotted line). In the tetrahedron, individuals lying above the base triangle 
rise off this association line in accordance with their southern Native American ancestry. 
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Supplementary Figure 13. Ancestry-specific identity-by-descent (IBD) networks in the 
European and Native American ancestry of Polynesians. 
A side-by-side comparison of the IBD networks for segments found in the European (a) or 
Native American (b) genomic regions. Each connection has a width and shading proportional to 
the probability that two individuals, one selected at random from each island, share an IBD 
segment of over 7 cM in their European (a) or Native American (b) genomic segments. In the 
European segments (a) we see clustering along the secular boundaries of the European colonial 
process. The French speaking Polynesian islands (Tahiti, Rimatara, Tubuai, Rapa [Iti], Mataiva 
[Palliser], North and South Marquesas) form one connected component, while Rapa Nui, 
colonized by Spanish-speaking Chile, forms a separate component with a single connection to 
Mangareva. This connection could be explained by the evacuation from Rapa Nui in 1871 of the 
entire French Catholic mission led by Hippolyte Roussel to Mangareva (then possessing a 
population of 936 individuals) to escape the depredations of a French adventurer, who had seized 
Rapa Nui28. In the Native American segments (b) we see an entirely different pattern of inter-
island IBD sharing, reflecting the different, pre-colonial, history of Native American contact in 
the eastern Polynesian islands. The sample sizes for each island are given in Supplementary Data 
Table 1. 
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Supplementary Figure 14. Native American ancestry-specific PCA. 
Our new weighted ancestry-specific SVD-completed principal component analysis (PCA) 
applied to the Native American component from Pacific islanders and reference individuals from 
the Americas. The Native American ancestries of reference individuals are plotted with open 
circles. The Native American ancestries of Pacific islanders are represented as solid points. Only 
individuals with at least 90,000 SNP markers in Native American tracts were plotted in this 
analysis. In addition, labels are plotted for the location of the allele frequency vector created 
from aggregating all Native American ancestry haplotypes in each island population. The 
Rapanui are split into two populations, those without European ancestry tracts (dark green) and 
those with high European and Native American ancestry (blue). The first principal component 
axis separates the reference Native Americans on a north-south axis, while the second principal 
component separates the Yamana of southern Patagonia. Pacific islanders’ Native American 
ancestry is seen to cluster with northern South American references with the exception of the 
Rapanui with high European ancestry, who cluster with the southern references (Chilean). The 
population sample sizes for each indicated group are given in Supplementary Data Table 1. 
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Supplementary Figure 15. Cross-validation plot for SVD completion of Native American 
ancestry-specific sample matrix. 
The cross-validation plot for the singular value decomposition (SVD) completion of the Native 
American ancestry-specific masked sample matrix used to produce Supplementary Figure 14, 
showing a minimum reconstruction error at K = 3 dimensions.  
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Supplementary Figure 16. Native American ancestry-specific PCA (additional references). 
Our new weighted ancestry-specific SVD-completed principal component analysis (PCA) 
applied to Native American ancestry from Pacific islanders and reference individuals from the 
Americas including additional Native American populations. The Native American ancestries of 
reference individuals are plotted with open circles. Insufficient markers remain in this 
intersection of three arrays to plot the Native American ancestry of most individual Pacific 
islanders. Instead, solid circles are plotted for the location of the allele frequency vector created 
from aggregating all Native American ancestry haplotypes in each island population (marked 
with * in legend). The Rapanui are split into two populations, those without European ancestry 
tracts (plotted as an aggregate point), and those with high European and Native American 
ancestry, who have sufficient Native American ancestry to be plotted individually as solid points 
(blue) and not as an aggregate frequency vector. Their aggregate frequency vector location is 
plotted as text. Pacific islanders’ Native American ancestry is seen to cluster with references 
from Colombia, with the exception of the Rapanui with high European ancestry, who cluster 
with the references from Chile. An allele frequency vector for the Native American component 
combined across all islands (excepting high European ancestry Rapa Nui) is also shown (black). 
The population sample sizes for each indicated group are given in Supplementary Data Table 1.  
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Supplementary Figure 17. Cross-validation plot for SVD completion of Native American 
ancestry-specific sample matrix with additional references. 
The cross-validation plot for the singular value decomposition (SVD) completion of the Native 
American ancestry-specific masked sample matrix used to produce Supplementary Figure 16 
showing a minimum reconstruction error at K = 3 dimensions.  
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Supplementary Figure 18. Ancestry-specific MDS applied to the Native American 
component of Pacific islanders and reference individuals from the Americas. 
Our new ancestry-specific MDS for comparison with the PCA in Supplementary Figure 16. The 
Native American ancestries of reference individuals (with post-colonial European and African 
admixture removed) are plotted with open circles. Solid circles are plotted for the location of the 
allele frequency vector created from aggregating all Native American ancestry haplotypes in 
each island population. The Rapanui are split into two populations, those without European 
ancestry tracts (dark green) and those with high European and Native American ancestry (blue). 
Pacific islanders’ Native American ancestry is seen to cluster with references from Colombia 
with the exception of the Rapa Nui with high European ancestry, who cluster with the references 
from Chile. The sample size for each population is given in Supplementary Data Table 1. 
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Supplementary Figure 19. ASPCA of the Native American component in Pacific islanders 
and references. 
An ancestry specific PCA using the previously published70 algorithm for samples genotyped on 
Illumina MEGA and Affymetrix Axiom-LAT 1 arrays (91,835 SNPs intersection). Each haploid 
genome is represented separately, since this previous method is haploid based. The Native 
American ancestry of reference individuals is plotted with colored points. The Native American 
ancestry of Pacific island individuals having greater than 2% Native American ancestry (as 
determined by local ancestry) is plotted with colored text. The centroid of the positions of the 
individuals from each island are plotted with stars matching the color of that island’s text labels. 
With the exception of the Rapanui with high Native American ancestry (>40%), who cluster with 
the references from Chile, the Native American ancestry in Pacific island individuals is seen to 
cluster with northern South American and Central American references. For the low Native 
American ancestry individuals from the Pacific islands, the noise (scatter) due to the low number 
of SNPs available in the intersection is evident. The sample sizes for each group are given in 
parentheses after the group’s name. 
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Supplementary Figure 20. Procrustes transformation applied to align two separate 
ASPCAs of the Native American component in Polynesians and references. 
The Procrustes algorithm was used to align two separate Native American ancestry-specific 
PCAs created using the previously published70 algorithm: one of samples genotyped on Illumina 
MEGA and Affymetrix Axiom-LAT 1 arrays (91,835 SNPs intersection) (Supplementary Figure 
19) and one of samples genotyped on Illumina MEGA, Affymetrix Axiom-LAT 1, and Illumina 
610-Quad arrays (28,653 SNPs three-way intersection). The Native American ancestry of 
reference individuals is plotted with colored points. The Native American ancestry of Pacific 
island individuals having greater than 2% Native American ancestry (according to local ancestry) 
is plotted with colored text. The centroid of the positions of the individuals from each island are 
plotted with stars matching the color of that island’s text labels. With the exception of the 
Rapanui with high Native American ancestry (>40%), who cluster with the references from 
Chile, the Native American ancestry in Pacific island individuals is seen to cluster with northern 
South American and Central American references. For the low Native American ancestry 
individuals from the Pacific islands, the noise (scatter) due to the low number of SNPs available 
in the Illumina MEGA – Affymetrix Axiom LAT-1 intersection from which their coordinates 
derive is evident. The sample sizes for each group are given in parentheses after the group’s 
name. 
 
 
  

MNG_13_057

MNG_13_057

MNG_14_052

MNG_14_052

MNG_2_036

MNG_2_036

MNG_3_021

MNG_3_021

MNG_9_005

MNG_9_005

NMQ1_10_165

NMQ1_10_165

NMQ1_14_117

NMQ1_14_117

NMQ1_15_167
NMQ1_15_167

NMQ1_16_223

NMQ1_16_223

NMQ1_2_107

NMQ1_2_107
NMQ1_22_125

NMQ1_22_125

NMQ1_23_213

NMQ1_23_213

NMQ1_30_087

NMQ1_30_087

NMQ1_33_133

NMQ1_33_133NMQ1_38_187

NMQ1_38_187

NMQ1_4_063

NMQ1_4_063

NMQ1_5_109

NMQ1_5_109

NMQ2_11_225

NMQ2_11_225

NMQ2_12_019

NMQ2_12_019

NMQ2_17_169

NMQ2_17_169

NMQ2_18_219NMQ2_18_219

NMQ2_20_171

NMQ2_20_171

NMQ2_35_259

NMQ2_35_259

NMQ2_36_091

NMQ2_36_091

NMQ2_39_039

NMQ2_39_039

NMQ2_6_231

NMQ2_6_231

RNE034

RNE034

RNE046

RNE046

RNE066 RNE066

RNE072

RNE072

RNE077
RNE077

RNM402

RNM402

RNM537

RNM537

RNM572

RNM572

RNM588

RNM588

RNM596

RNM596

RNM608

RNM608

SMQ_11_009

SMQ_11_009

SMQ_12_103

SMQ_12_103

SMQ_14_011

SMQ_14_011

SMQ_19_015

SMQ_19_015

SMQ_24_063

SMQ_24_063

SMQ_32_023

SMQ_32_023

SMQ_38_077

SMQ_38_077

SMQ_7_151

SMQ_7_151

SMQ_8_007
SMQ_8_007

TMV−1005

TMV−1005

TMV−1009

TMV−1009

TMV−1025

TMV−1025

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●
●

●●

●●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●
● ●

●

●

●

●

●

●●
●

●

●

●

●
●

●

●

●

●
● ●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●

●
●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

● ●
●

●

●
●

●

●

●

●
●

●

●

●
●

● ●

●

●
●

● ●

●

●

●●

●

●

●

●●

●

●

●

●

● ●

●●

●

●●

●

●

●
●

●
●

●

●

●

●

●

●

●
● ●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●●

● ●

●

●

●

●● ●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

● ●

●●

●
●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●

● ●

●
●

●
●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●●

●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●

●

●

●

●
●

●

●

●
●

●

●●
●

●

●

●

●
●

●

●

●
●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●
● ●

●

●●

●

●

● ●

●

●
●

●

●
●●

●

●●
●

●

●●

●

●
●●● ●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●
●●

●

●

●

● ●

●

●

●
●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

● ●

●
●

● ●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●
●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●
● ●●

●

●
●●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

● ●

●

●
●

●

●

●

−0.10

−0.05

0.00

0.05

−0.050 −0.025 0.000 0.025 0.050 0.075PC 1

PC
 2

Native Americans
a●
a●
a●
a●
a●
a●
a●
a●
a●
a●
a●

Colombia (1000 Genomes) (30)
Colombia (Illumina) (96)
Ecuador (20)
Mixe and Mixtec (44)
Zapotec (57)
Zenu (19)
Magdalena de Cao (19)
Aymara (45)
Mapuche (32)
Pehuenche (12)
Huilliche (20)

Polynesians
RNM Non−European Rapa Nui (6)
RNE High−NatAm Rapa Nui (5)
TMV Palliser (3)
NMQ North Marquesas (21)
SMQ South Marquesas (9)
MNG Mangareva (5)



 
 

39 
 

  

Supplementary Figure 21. Comparison of previous ancestry specific PCA (ASPCA) to our 
new algorithm. 
Comparison of the localization of the Native American ancestry in our dataset using the previous 
(left) ancestry specific PCA (ASPCA) algorithm70 (see Supplementary Figure 19) versus our new 
(right) ancestry specific PCA algorithm (see Supplementary Figure 14). Southern Native 
American groups are depicted with yellow bars, Central Native American groups are depicted 
with green error bars, and the Native American ancestry in eastern Polynesian islands is depicted 
with light blue bars. The midline is the median and the upper and lower limits of the box are the 
third and first quartile respectively. The whiskers extend to 1.5 times the interquartile range from 
the top (or bottom) of the box to the furthest sample within that distance. Outliers beyond that 
distance are represented as individual points. (The full frequency distributions for these groups 
are shown in Figure 5b.) Native American ancestry in the Pacific islands (light blue) is seen to 
fall closest to the indigenous references from Colombia, the Zenu (right). This includes the 
“Rapa Nui (No Eur);” that is, Rapanui with no European ancestry. The “Rapa Nui (Eur),” 
Rapanui with high Native American ancestry (depicted as a dark blue bar), however, fall closest 
to the southern Native American groups (Pehuenche, Mapuche, and Huilliche) of Chile. This is 
consistent with the recent history of admixed Chilean individuals immigrating to Rapa Nui and 
contributing combined European and indigenous Chilean ancestry to inhabitants (the Rapanui). 
The population sample sizes for each group are given in Supplementary Data Table 1.  
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Supplementary Figure 22. Outgroup F3-statistics for Native American ancestry in 
Polynesians and the pre-contact Americas 
We computed outgroup F3-statistics (points) of the form F3(Yoruba; Polynesian Target, X), 
where we only considered sites contained in Native American ancestry tracts for each Polynesian 
Target population (sample sizes given in Supplementary Data Table 1), and where X varies 
across a set of reference populations (sample sizes given in Supplementary Data Table 1 and 3) 
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and pre-contact ancient Native American individuals (each of sample size one, see 
Supplementary Data Table 4). Due to the low SNP overlap of each ancient sample with the 
sparse Native American tracts in the Polynesians, the sensitivity of this analysis is much lower 
than our previous approaches for localizing the Native American ancestry found in Polynesia. 
Plotted standard error intervals (estimated through a weighted block-jackknife procedure over 5-
Mb blocks) overlap for nearly all of the ancient samples spanning the Pacific coast of the 
Americas (top). In addition, there is a gap of available ancient samples in precisely our region of 
interest; none originate from the Pacific nations north of Peru and south of Mesoamerica. 
Nevertheless, we observe a general signal of genetic affinity between the Native American 
ancestry in Polynesians and the northernmost of the South American samples used (Aconcagua). 
The sharing is much weaker with samples from northern North America and Asia. The sole 
exception, the 2013 samples from Rapa Nui, show stronger affinity with the AncKaweskar (a 
Chilean population that clusters with the modern indigenous groups of central Chile in our 
ADMIXTURE analysis, Fig. 1). As discussed earlier, this is because European ancestry is much 
higher in the recent (2013) Rapanui samples, and European ancestry on Rapa Nui is correlated 
with the central Chilean indigenous component (Supplementary Figure 12, Supplementary Data 
Tables 7-8). This is likely because both are arriving together on the island, which is now part of 
Chile, through admixture of islanders with modern Chilean immigrants. 
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Supplementary Figure 23. Dating the Native American and European admixture events in 
Polynesia 
(a-f) Tracts analyses showing the aggregate tract length counts for individuals from each island 
(plotted points), maximum likelihood best fit model (lines), and one standard deviation 
confidence intervals assuming Gaussian noise (shaded). The models corresponding to the best fit 
admixture chronologies are plotted as line-histories with each line colour representing each 
ancestry as shown in the key. Sample sizes for each group are listed in Supplementary Data 
Table 1. (g) Weighted LD decay curve and best fit according to the ALDER method using 
unadmixed indigenous Aymara as Native American reference and indigenous Taiwanese as 
Austronesian references (number of samples shown in Supplementary Data Table 1). All 
samples from islands (a-f) that were lacking European ancestry were used, namely 6 Rapanui, 4 
Mangareva, 2 Palliser, and 1 North Marquesas. The discretized weighted LD was fit to an 
exponential curve plus an affine term using least-squares, and the standard error was found by a 
jack-knife across the chromosomes. 
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Best Model 
 
 
Likelihood:   -297.86 
 
 
 
 
 
 
 
 
 
Likelihood:   -1243.14 
 
 
 
 
 
 
 

 
 
 
 
Likelihood:   -1241.47 
 
 
 
 
 
 

Supplementary Figure 24. Tract distributions for Rapanui with no southern Native 
American ancestry 
Tracts analyses showing the aggregate tract length counts (points) of genomic regions of 
European (red), central Native American (green), and Polynesian (blue) ancestry in the 64 
Rapanui individuals having no southern Native American ancestry. The maximum likelihood 
model (lines), and one standard deviation confidence intervals assuming Gaussian noise 
(shaded), are shown for the best fitting model for each potential sequence of admixture events 
with the corresponding admixture chronology plotted as a line-history inset (each line color 
represents an ancestry). The best fit model (at top, Native American – Polynesian admixture in 
1400 CE, followed by European introgression in 1820 CE) has a higher likelihood and much 
better set of fit lines than the alternative admixture sequences. 


